Abstract. Large span prestressed concrete girder is among the most reasonable bridge structure in the mountainous regions of southwestern China. However, it is particularly challenging to develop efficient solutions for the unpretendingly tall piers in order to across the steep gorges. In this paper, the nonlinear finite element model of the proposed prestressed concrete girder bridge has been developed, and the ultimate capacity of the high piers of concrete filled steel tube was determined by detailed numerical analysis. Some recommendations have been proposed according to the numerical results.
Introduction
China has invested intensively in public infrastructure during the last 20 years, and the massive development of transportation system was viewed as an efficient tool to alleviate poverty in western mountainous areas. Unprecedented high bridges have to be built in order to across the rivers and gorges. In most of the cases, prestressed concrete girder or concrete arch are among the most economical structural solutions due to relatively insufficient technological supply of construction and maintenance support during operation.
For large span prestressed concrete girders finished in recent decade, concrete filled steel tubular (CFST) has been designed to increase the loading capacity of tall bridge piers as high as 200 m. The CFST components system has many advantages compared with the ordinary steel or the reinforced concrete system. One of the main advantages is the interaction between the steel tube and concrete: local buckling of the steel tube is delayed by the restraint of the concrete, and the strength of concrete is increased by the confining effect of the steel tubular [1] . The Labajin Bridge of Yaxi highway, located Yingjing in Sichuan, was the first to develop CFST-composite piers, which has a maximum pier height of 180 m [2, 3] . In this paper nonlinear finite element model was developed to analyze a new design proposal of prestressed concrete girder bridge with the CFST pier. Both geometrical and material nonlinearities is taken into account during the analysis. Based on the transverse displacement curve of the pier, loading capacity was identified.
Bridge Description and Modelling
The proposed bridge over the Jinyang River is located in Liangshan Yi Autonomous Prefecture, Sichuan. Prestressed concrete girder is recommended due to economical budget and minimum maintenance requirements during operation. The proposed prestressed concrete bridge has two main spans of 200 m and two side spans of 125 m, and has two main piers of 180 m and 186.8 m in height respectively (Figure 2) . The cross sections of the pier are tapered upwardly in both longitudinal and transverse direction, and the two high piers are designed as a composite section, each has 6 concrete filled steel tubes which linked by reinforced walls. The Q345 steel tube, filled C80 high strength concrete and was wrapped by C30 concrete, has a diameter of 1300 mm and thickness of 16 mm ( Figure 3 ).
The girder is designed as single box section, which has a vertically parabolic profile and its depth varying from 12.75 m at the main piers to 3.8 m at the mid span. The beam-like model is shown in Fig.4 , there are 1267 nodes and 1188 elements. The CFST pier are also modeled using brick and shell element to incorporate material nonlinearities. In the following numerical cases of computation, dead load, vehicle load and transverse loads are considered. Figure 5 shows the two buckling shape of tall piers along the transverse direction and longitudinal direction. The buckling coefficients are 28.0 and 40.0 for the two modes, which means that the CFST composite main pier possess high capacity to overall buckling. Further, main piers tends to buckling in the transverse direction since no support can be provided by superstructure alongside, while the rigidity stiffness sustained the main pier along the bridge. 
Elastic Buckling Results of the High Pier

Nonlinear Buckling Results of the High Pier
Since the height of the main pier is to 190 m, the ultimate load carrying capacity of the geometric nonlinear has a great influence. Therefore, nonlinear buckling bearing capacity analysis is carried out with ANSYS. Considering the geometrical nonlinearity and material nonlinearity of the CFST pier. The ultimate load-carrying capacity and the coefficient of the main pier are determined by the load displacement curve The
The detailed finite element model of #5 pier was developed by ANSYS, including steel pipe, C80 core concrete and C30 concrete web. The core concrete was analyzed by BEAM188, and the web C30 concrete was simulated by shell63. The high pier is modeled on the theoretical axis and is not included in the deviations of the vertical axis. Q345 structural steel employs bi-linear elastic-plastic model. While C30 concrete is unconstrained concrete, C80 concrete is confined concrete. The axial strength of C80 is MPa in which is the peak stress, is uniaxial compressive strength， is coefficient between 4~6, is confined stress = 1.34 MPa The peak strain of confined concrete is [90] Longest cantilever phase and final state are calculated. The buckling loadings are transferred from the beam-like bridge model. The nonlinear buckling is calculated according to the load at the top of the pier in Table  4 .14. The result curves of loading -displacement are shown in Figures 6. It can be shown that the displacement of the pier top increase suddenly at loadings factor reach 3.42, which can be defined as the nonlinear buckling factor or coefficient of ultimate capacity. For the bridge after completion, the displacement increase with obvious nonlinear curve and the calculation reaches a highest loading factor of 5.5, which is higher than the previous results.
It can be concluded that the ultimate loading capacity or nonlinear buckling of the proposed high pier with CFST is much lower than the elastic buckling, indicating that the geometric nonlinearity of the high pier has a significant effect on the capacity. 
Conclusion
Many large span bridges with particularly high pier have been constructed in western areas of China, and concrete pier with CFST components can be a competitive solution economically. However, it must be noted that the geometric nonlinearity of the high pier has a significant effect on the loading capacity. For the present case, nonlinear buckling factor are decreased from 14.4 to 3.42 during the construction phase, and from 28.0 to 5.5 for the completion stage.
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